This paper describes a methodology for the analysis of elastohydrodynamics (EHD) of connecting-rod (conrod) big end bearings in high-speed internal combustion (IC) engines. In addition to the elasticity of the conrod structure and crankpin, the dynamic and inertial effect of conrod motion on the bearing tribological behaviour is considered realistically based on a multi-body system (MBS) approach. Results show that it is necessary to simulate two big end bearings of common-pin simultaneously with the inclusion of a complete crankthrow in the MBS model.
INTRODUCTION
It is important to consider the elasticity of the bearing supporting structure in the lubrication analysis of engine bearings. Hence, various EHD models have been developed to simulate the tribological behaviour of these bearings by many researchers over the decades. However, the vast majority of these analyses treat a bearing as an isolated component. Thus, the dynamic and system effect of its connected parts (bodies) is neglected. This can result in inaccurate or even wrong results, particularly concerning conrod bearings at high engine speeds.
In this study, an MBS based approach, AVL EXCITE, has been used to simulate the EHD behaviour of conrod big end bearings. Hydrodynamics (HD) is fully coupled with MBS dynamics. The conrod structure is discretized by the Finite Element Method (FEM). Thus, not only the local deformation but also modal displacements of the conrod structure are included in the determination of oil film thickness. An extended Reynolds equation including mass conservation and oil film history is solved.
To demonstrate the approach, two conrod bearings of common pin in a Formula One (F1) racing engine were simulated. Three methods to simulate a constrained rod, single moving rod and twin moving rods have been developed and used to predict the EHD behaviour of these bearings. Comparison of results from three solutions shows that two conrod big bearings of common-pin should be analyzed simultaneously with the inclusion of full conrod motion.
OUTLINE OF THEORY
To model local vibrational motion of a linear elastic system (discretized structure), the following classical equation of motion is used.
where, q is a general displacement vector, f is a general force vector, M, D, and K are mass, damping and stiffness matrices, which can be obtained by the FEM. From this equation, local displacements (elastic deformations) are obtained.
Global motion of a body such as a conrod is also simulated to evaluate the inertia/gyroscopic effect. Details of the mathematical formulation can be found in [1] .
The hydrodynamics of the oil film in a bearing is governed by the following version of the Reynolds equation.
In addition, asperity contact is considered by a statistical method [2] . The total pressures are obtained by superimposing the contact pressures to HD pressures.
The implemented approach includes many features such as various oil supply arrangements and non-circular bearing profiles.
SIMULATION
Two conrod big end bearings from a crankthrow sharing the same crankpin in an F1 engine have been analyzed. The conrod is meshed with 8-node hex elements using AVL FAME to obtain the condensed stiffness and mass matrices. Figure 1 shows the FE mesh and orientation of the conrods. The EHD calculations have been done for an engine speed of 18000 rpm with a circular bearing profile.
Three methods have been developed to solve the big end EHD problem, as illustrated in Fig. 2 . These are briefly described as follows. 
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from gas pressure and inertias of piston assembly and conrod is pre-calculated and applied to the crankpin. (2) Method 2 -Single moving rod. One complete moving conrod (Rod2) is modeled. The kinematic load due to gas pressure and inertia of piston assembly is pre-calculated and applied to the centre of the small end, which is represented by a NASTRAN MPC. The crankpin is cut at both ends and is fully fixed at the cutting planes. (3) Method 3 -Twin moving rods. Two big end bearings are analyzed simultaneously with both conrods moving dynamically. The loading condition on each conrod is same as (2) . A full crank throw is modeled, which is supported by two main bearings. 
RESULTS AND DISCUSSION
Only some results for the Rod2 big end bearing are presented, which represents the worse case. Figure 3 shows the minimum oil film thickness (MOFT) predicted with three methods over one (second) engine cycle. It is noted that three methods give significantly different results. The smaller MOFT is associated with the twin rod case. Figure 4 compares the peak total pressures (PTP) obtained from the three solutions. Again the results differ markedly with the highest PTP being predicted with the twin rod simulation. Figure 5 presents 3D pressure profiles and 2D plots of film thickness together with the deformed conrod calculated by Methods 2 and 3 at crank angle of 1175 degrees. It is seen that the MOFT and PTP occur at the bearing edges for both cases. The pressure distributions predicted by Method 3 are not axially symmetrical due to a considerable bending effect of the crank throw. There is a significant edge loading. 
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CONCLUSIONS
• It is important to model a complete moving conrod in a realistic manner to include the dynamic and inertia effect when analyzing the EHD lubrication of big end bearings, particularly at high engine speeds.
• For V-shape engines, two big end bearings on a crankpin should be simulated at the same time in order to realistically capture the dynamic influence of two conrods on the EHD results (Method 3).
• For the conrod bearings studied, the MOFT and PTP always occur at the bearing edges, as expected. There is a significant asperity contact in the vicinity of bearing edges.
• The total pressure distribution predicted by Method 3 is not axially symmetrical due to the system and dynamic effect.
